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SUMMARY

A wind-tunnel study of the directional stability characteristics
at high angles of attack of two wing-fuselage combinations has been
conducted at subsonic speeds. The wings utilized were a k-percent-thick
unswept wing of aspect ratio 3.0 and a 6-percent-thick 450 sweptback
wing of aspect ratio 4. The results indicated very large differences in
the directional stability between the two wing-fuselage configurations
at high angles of attack. The unswept-wing-f uselage combination becsme
stable at high eagles, whereas the sweptback-wing-fuselage combination
became increasingly unstable. Tests with the fuselage afterbody removed.
indicated that these effects were associated with wing induced sidewash
over the fuselage afterbody.

4

INTRODUCTION

The current trend of aircraft toward high fuselage mass loadings and
long nose lengths has created several adverse effects with regard to air-
craft motions. For exsmple, this trend has increased the tendency toward
the tiolent oscillatory type of spin (ref. 1); and, as pointed at in ref-
erence 2, high fuselage mass loadings may result in dangerous attitudes
being reached in rapid rolls. Since extremely high attitudes can be
encountered during both of these motions, it is desirable to maintain
adequate static directional stability even well beyond the @e of attack
for maximum lift. Unfortunately, lerge deficiencies in Static tiectional
stability are very often encountered at high angles of attack and are, to
a large extent, traceable to losses in vertical-tail effectiveness due to
unfavorable flow fields induced in the region of the tail of the wing-
fuselage combination. (See ref. 3.} However, in addition to the loss

* in tail effectiveness, rather large vsriatims in directional.stability
with angle of attack can occur for wing-fuselage conibinationswith

*
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unswept wings usually providing a favorable decrease in the wing-fuselage “
directional instability at high angles of attack; whereas the opposite
(undesirable) trend usually occurs for sweptback wings. (See ref. 3.)
Therefore, a better understanding of these wing-fuselage trends would be \

very desirable as a possible aid in avoldi~ the undesirable character-
istics and further @roving the desirable chsxacteristics. Ia.rgeeffects
associated with wing sweep occur even relative to the body axis; and
inasmuch as little, if any, leading-edge stictionis developed at the
high angles of attack involved, it would appeu that these large effects
are not associated with any yating-moment changes incurred on the wing
itself, but most probably are induced by the wing on the fuselage after-
body. The purpose of the present investigation,therefore, is to deter-
mine the effect of fuselage-afterbody length on the static directional
stabili~ characteristics of several wing--f’uselageconfigurations.

COEFFICIENTS AND SYMBOLS

The axis system used and the direction of positive forces, moments,
and aules are presented in figure 1. Except for the lift and drag, the— —
body-axis system is used. The
the projection on the plane of
wing mean aerodynamic chord.

A aspect ratio, b2/S

b wing span, ft

c local.wing chord, ft

origin of the axis system is located at
symmetry of the quarter-chordpoint of the.—

E mean

CL lift

J
b/2

aerodynamic chord, g
so

C%y, ft

Dragcoefficient, —
qs

coefficient, ~

c1 rolling-moment coefficient,
Rolling moment

qsb

cm pitching-moment coefficient,
Pitching moment

qsc

Cn
Yawing moment

yawing-moment coefficient,
qSb

.
—

*
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lateral-force

3

Lateral force
coefficient..

qs

free-stresm Mach number

-c pressure, 1 2 lb/sq ftpv >

total W* area, sq ft

free-stream velocity, ft/sec

Cartesian coordinates (fig. 1)

coor~te along Y-sxis, measured from plane of symmetry

angle of attack, deg

angle of sideslip, deg

wing taper ratio, Tip chord
Root chord

sweepback angle

mass density of

of wing quanter-chord

air, slug~~cu ft

‘np
(WF-F) %

of wing-fuselage

line, deg

combination minus C
%

of fuselage

MODEIS AND TEST EQUIPMENT

Drawings of the models used in the investigation are presented in
figure 2.

●
The wing having an unswept half-chord.line had an aspect ratio

of 3.0, a taper ratio of O.~, and NACA 6~AOOh airfoil sections; and the
wing having 45° sweepback of the quarter-chord line had an aspect ratio
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of 4.0, a taper ratio of 0.30, snd an NACA 65Ao(% airfoil section parallel “
to the plane of symmetry. The thin unswept wing was constructed of solid
steel and the sweptback wing was constructed of solid aluminum alloy.
The ssme fuselage was used in con~unctionwith both wings snd was of v

aluminum and steel construction. The ordinates of the fuselage are given
in table 1. Both wings were placed in a position on the fuselage such
that the quarter-chord points of their respective mesm aerodynamic chords
were located at 57 percent of the basic fuselage length rearward of the
fuselage nose. The rearward 24.7 percent (13.5 inches) of the basic
fuselage was removable.

The tests were conducted in the Langley high-speed 7- by 10-foot
tunnel, and the models were mounted on the sting-support system shown in
figure 3. With this system the angle of attack can be remotely operated
and lateral-parsmeter tests can be obtained (through the angle-of-attack
range) by inserting A4° couplings in the sting-support system. The aero-
_C forces ~d mmnts @osed on the u@del were determinedly means
of sm internally mounted six-component strain-gagebalance.

TESTSAND CORRECTIONS

The tests were conducted at Mach nmibers of 0.60 and 0.80 with
corresponding Reynolds numbers of 3.0 x 106 and 3.5 x,106, respectively,

for the unswept wing and 2.8 x 106 and 3.2. x 106 for the sweptback wing, .

based on their mean aerodynamic chords. :’
—

Blockage corrections as determined by the method of reference 4 have $ “-

been applied to the Mach number and dynamic pressure. The Jet-boundary
corrections which were applied to the angle of attack and drag were cal-
culated by the method of reference 5. Only -wept wings were,considered
in reference 5; however, reference 6 indicates that for the model size
utilized in the present investigation the effect of sweep on the Jet-
boundary corrections is negligible. - —

No sting tares have been determined for these particular models;
however, sting-tare investigations on similar configurationshave indi-
cated that the tares should be negligible”~or the present tailless con-
figurations. The angles of attack and sideslip have been corrected for
the deflection of the sting-support and strain-gagebalance under load..-

..
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RESULTS ANTIDISCUSSION

Static Longitudinal Characteristics

The static longitudinal characteristics are presented in figures 4,
~, and6. Inasmuch as there was a program change e=ly in the testing,
longitudinal data were not obtained for the unswept wing in combination
with the long fuselage at a Mach nwnber of 0.60. Because of the differ-
ences in the lengths of the mesm aerodynmnic chords (fig. 2) used in the
coefficients, it was necessary to present the fuselage-alone pitching-
moment data in conjunction with both the swept and unswept wings. Since
the reference areas are identical, the lift and drag data were repeated
only for consistency smd convenience.

In general, removal of the fuselage afterbody had Mttle effect on
the longitudinal characteristics except for the unswept-wing configura-
tion above an angle of attack of about 10°. Above this angle of attack,
removal of the fuselage afterbody resulted in a reduction.in lift for
the unswept wing-fuselage (fig. 4) which, while small, was considerably
greater than the reduction observed for the fuselage-alone configurations.
This loss of Uft is accompsniedtith a reduction in the negatiw pitching
moment (fig. 5) and shows

1?
t the loss of lift probably occurred on the

fuselage afterbody and was ot associated to any great extent with possi-
ble changes in fuselage induced upwash in the region of the wing. It
should be pointed out that, although data with the basic fuselage were not
obtained at M . 0.60, tests made with a smaller scale model produced
results siudlar to those obtained at M = 0.80. The results indicate
only minor effects of fuselage sfterbody for the sweptback-ting-fusel.sge
configuration. Only minor effects of fuselage afterbcdy occurred with
regard to drag coefficient. (See fig. 6.)

Static Lateral Characteristics

The basic data for static lateral stability, referred to the body
axes, are presented in figures ~ to 9. A c~arison of the static-
lateral-stability derivatives as a function of angle of attack for the
unswept- and sweptback-wing-fuselage configurations is presented in
figure 7 for Mach numbers of 0.60 and 0.80.

It will be noted that rather large differences etist in the curves
for Cn

B
and Cz of the sweptback- and unswept-wing configurations.

$
.Howev=~ inasmuch as the effect of sweep on the effective-dihedral
parsmeter Czp is fairly well.known and is basically a wing-alone phe-

nomenon, the discussion herein is concerned mainly with the directional-
stabilJty parameter ~ .

B.
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The results pertaining to Cq indicate substantial differences in .

the type of variation with angle of attack exhibited by the two wing-body
cotiigurations. At low sngles of attack the directional stability of *
both wing-body configurationsappears, as would be expected, to be deter-
minedly the body-alone characteristics (fig. 9). It is observed,
however, that at the higher sngles of attack there are large departures
from the body-alone characteristicswith the unswept-wing configuration
providihg a rather rapid reduction in the wing-body instability and the
sweptback-wing configuration e~biting a rather rapid increase in
instability in the angle-of-attackrange frti about l~o to 20°”followed
by a reduction in instability at the higher angles.

Variations in Cnp of this general type would be expected for wing-

alone data about the stability or wind axes since the resultant forces
which produce the rolling moments are usually inclined rearward relative
to these axes. It would appear unlikely, however, that these thin wings
could, at high angles of attack, produce @- appreciable”yawing moments
relative to the body axis about which the jresent data are presented,
since the usual.loss of the theoretical leading-edge suction leaves the
resultant forces approximately perpendicul~ to the X body axis. Unfor-
tunately, reliable wing-alone data at high speeds are difficult to obtain;
however, the low-speed wing-alone data of reference 3, when transferred
to the body axes, appear to substantiate the presumption of a lack of any
appreciable isolated wing effect. The large departures frcnnthe fuselage-
alone directional.stability characteristics are must probably associated .
with wing induced flow over the fuselage afterbody. In an attempt to sub-
stantiate this idea, tests were conducted with a lsrge part (13.50 inches)
of the fuselsge afterbody removed (fig. 2). The lateral-stabilltyderiv- %
atives for the unswept- and sweptback-wing’-fuselageconfigurationswith
the afterbody removed are presented in figure 8. The results indicate
that with the fuselage afterbody removed (fig. 8) the large effect of
wing sweep on directional stability at high angles of attack shown in
figure 7 is eliminated, and the variations of directional stabillty with
angle of attack ere similar to those for the fuselsge alone (fig. 9).
However, %B is essentially unaffected by removal of the afterbody;

thus, there appears to be no appreciable chsnge in the flow over the wing.

h view of these results, it appears that the large variations of
directional stability with angle of attack which exist relative to the body
axis for both the unswept- and sweptback-wing-body configurations are due
largely to wing (or wing-body) induced sidewash over the fuselage after-
body. The fact that the variations in Cn~ are widely dtfferent for the

two wings is probably associated with differences in the effect of sideslip
on the wing spanwise load distribution as reflected in the large differ.
ences in the effective dihedral parsmeter Cz

.

P’
In order to illustrate
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further the effect of the induced flow over the fuselage afterbody, the
differences in the fuselage-alone chszacteristics have been eliminated by
subtracting the appropriate body-alone &ta (fig. 9) from the wing-body

● data (figs. 7 and 8]; the results are presentid in figure 10 for a Mach
nuder of 0.60. ~ figure 10(b) the results presented for the unswept
wing show that above an angle of attack of about 10° rather large values
of the increment in &.rectional-stabili@ parameter associated tith the
wing and mutual interference occur for the configuration hating the
fuselage afterbody. For the configuration having the fuselage afterbody
removed, the increment in directional-stabili~ parsmeter associated with
the wing and mutual interference is essentially zero. Inf@ure 10(a)
the corresponding increments for the sweptback-wing-fusehge configura-
tions sre presented. The results indicate that removal of a lsrge part
of the fuse-e resrwsrd of the wing (73 percent of ~terbcdy) considerably
reduced the directional instabi~ty associated with the sweptback con-
figuration. b sddition to.the two configurations of the present inves-
tigation, the results frcm apresent-dsy study made in the Langley 7-
by 10-foot tunnel are presented. (See fig. 10(a).) This configuration
had the cylindrical part of the fuselage -ended to the rear of the
fuselage; thus, the volume of the afterbcdy was increased. These results
when compared with those of the present investigation indicate that for
a given afterbody length a decrease in afterbody volume also results in
a sizable improvement in directional stabiliw. “

As mentioned previously, these large effects of fuselage afterbody
sre apparently associated with wing induced sidewash over the fuselage
afterbody. In this connection, it is interesting to note that at the higher
angles of attack, where the sidewash appears large and of opposite sign for

c’ the sweptback and unswept wings (fig. 10), the rolling moment due to side-
slip is considerably different for the two wings. (See fig. 7.) These
differences in rolling maments indicate differences in span loadings which

—

could produce sidewash of opposite sign for the two wings.

Several inconsistencies appear to exist for the sweptback wing. For
example, althm@ the yawing moment induced on the fuselage afterbody
occurs above an angle of attack of about 12° (fig. 10), the largest vari-
ations of Clfi occur below this angle. (See fig. 7.) In addition, it

is observed that while zero CZB occurs at an angle of attack of 22°

(fig. 7(a)) a large yawing mome& associated with the fuselage afterlmdy
occurs at this angle of attack. (See fig. 10.}

A possible explanation lies in the argunent, presented in reference 7,
that, except for possible effects of sideslip on the induced angle, the
local circulation will be unaffected by sideslip and will.remain symmetri-
cal despite an unsymmetrical spanwise distribution of lift. Stated slightly. differently from that in reference 7 the argment is as follows: If the
simple-sweep theory is applied to a wing in sideslip by means of lifting-
line theory (ref. 8), tbe velocity normal to the quarter-chord line of the

6
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retreating wing panel is altered by the factor COS(A + r31
.

and the angle
cos A

of attack with res-pectto this velocity is altered by the reciprocal of the
same factor. The lift is.proportional to the angle of attack and the veloc- *
ity squrmed and is therefore affected by sideslip. However, since the
circulation is proportional to the angle.of attack snd the first power of
the velocity, the sideslip effects are cdmp~fisating,and it appears that
no change in circulation occurs with po@nti–E flow. In addition, the —

nonpotential effects that occm-at moderate=&d high angles of attack
represent changes in circulationwhich, in view of the effect on CIP, are

probably not symmetrical across the span. Under these conditions, it is”
conceivable that the asymmetrical circulati-oncan c“ombinein such a manner
with the asymmetrical distribution of the ~&locity normal to the quarter-
chord line.as to produce little rolling ,m~ent on.~”hewing but large side-
wash velocities in the flow field behind the””wing-This-phenomenon ccmld
account for the preciously mentioned example-s,with regard to the sweptback-
wing-fwelage combination,where zero total Cl

$
“was accompanied by a “-- ~~ ‘

large yating moment induced on the fuselage afterbody and where CMI&S in .-,

sign of -.C1
P

were not accompanied by chang~s in the induced yawing

moment.

An indication of the effect ofllach n~ber at subsonic speeds on the
contribution of the wing and the fuselage afterbody to directional sta-
bildty is presented in figure 11 for the sweptback-wing configuration.
The present investigationwas msde at M~ch-numbers of-O.60 and 0.80; and

.

the results, presented in figure n(a), indicate a reduction in the
directional i~tability contributedby int&rference on the fuselage after-
body with increasing Mach number. In order to substantiate further this

%

trend with Mach number, the results fr~r~erence 9 (convertedto body
axis) obtained with a similar configurationfor a luger Mach number range
are presented in figure n(b). Results for Mach numbers from 0.40 to 0.91
are presented and the reduction in the tir.ectionalinstabilitywith
increasing Mach number .isevident. This r~duction is apparently due,-”
in part, to a decrease in the wing circulation m“y%metij that is implied
by the effect of.Mach number on Cl~. (See fig. 7 and.ref. 9.) W regard

to the fact that value of AC!n
~(W-F)

is considerably less for the con-

figuration of reference 9 at corresp&ding Mach numbers, it should be
noted that, in sddition to the difference in wing taper r’atios,the fuse-
lage afterbody is scmewhat shorter than that of the configurationpresented
in figure n(b).

.
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.
CONCLUDING REMARKS

*
A study of subsonic wind-tunnel tests showed that large variations

in the directional stability characteristics of wing-fuselage combinations
csm occur in moderate and high angle-of-attack ranges easily encountered
in spins and rolling maneuvers. For unswept-wing-fuselage combinations
positive directional stability can occur at high angles of attack, whereas
for sweptback-wing-fusel.ageconibinationsan increase in the usual insta-
bility occurs at high angles of attack. The results obtained for both
configurations apparently are caused by wing induced sidewash on the fuse-
lage af’terbody.

Langley Aeronautical Laboratory,
National Advisory ConmrLtteefor Aeronautics,

-ey Field, Va., September B, 1956.

.
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TABLE Z

FUSELAGE ORDINATES

4%=VI
—IZ50

i

0rdif7ufes

s fotion, in. Rodius , in

o 0
200 .53
4.00 /00
6.00 /.44
8.00 /.80

/0.00 2.07
/2.00 230
/4.00 2.42
/6.00 2.47
/7.50 250
4/.27 2.50
43.27 2.42
45.27 2.35
4Z27 2.25
48.30 2./4
54.72 /.65
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